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ABSTRACT

INDIVIDUAL VARIATION IN MATERNAL BEHAVIOR IN SPIDER MONKEYS AT EL
ZOTA RESEARCH STATION, COSTA RICA
Agnieszka Magdalena Sukiennik, M.A.
Department of Anthropology
Northern Illinois University, 2016
Leila Porter, Director
Predation risk is a significant survival problem for immature primates, but only a few
studies have examined the risk of predation on immatures in ateline primates. This study
examined whether spider monkey mothers changed their interactions with their infants due to a
perceived change in predation risk while foraging in different sized groups. I proposed that a
mother’s proximity to her infant/juvenile varied depending on whether she was alone with her
offspring, with one other adult female, or with a larger group of adults. Because group living
potentially reduces predation risk, I suggested that mothers would be in closer proximity to their
infants when there were no other adults present. I also predicted that mothers would be in closer
proximity to their infants than to their juveniles since infants are likely to face greater predation
risk than juveniles. However, the differences in mother-offspring distances between infants as
compared to juveniles were smaller than predicted and there was little to no evidence that a
mother’s distance to her infant was driven by group size. My prediction that a mother’s
proximity to other adult group members has an effect on her vigilance behavior was also not
supported. These results suggest that feeding competition rather than predation risks may be the
primary factor in determining mother-infant distances in spider monkeys.
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CHAPTER 1
INTRODUCTION

Many studies have suggested that predation risk is a key factor that promotes group living
in primates (e.g., Terborgh, 1983; Van Schaik, 1983; Anderson, 1986; Dunbar, 1988; Isbell,
1994; Hill & Lee, 1998; Boinski et al., 2000). The general assumption of these studies is that
animals that live in groups can detect predators faster because there are more individuals keeping
watch, and therefore, they are better able to escape predators quickly due to early detection. For
example, individuals may produce alarm calls to draw attention to a predator and thereby alert
other group members that are within hearing distance (Cheney and Seyfarth, 1990; Van Schaik
and Van Noordwijk, 1989). Results of several studies show that not only does group living
increase predator detection, but that individuals living in larger primate groups spend less time
detecting predators or are less vigilant than primates in smaller groups (Van Schaik and van
Noordwijk, 1983; Elgar, 1989). In addition to the benefits of predator detection, some studies
have shown that group-living primates may confront their predators by mobbing, thereby
deterring attacks (Standford, 2002; Gursky, 2005).
There is also evidence that different species may form polyspecific associations as an
anti-predator strategy. Individuals in polyspecific groups may be under reduced risk of predation
because with more primates in the group, an individual is less likely to be singled out by a
predator (Krebs and Davis, 1993). It is also more likely that a large, mixed-species group will
have an easier time detecting an approaching predator than a small, single-species group (Hardie
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and Buchanan-Smith, 1997). Mixed species groups occupy a wider area across different strata in
their habitat, thereby improving predator detection (Treves, 2000). Similarly, animals in large
single-species groups may face reduced risk of predation as compared to animals in small
groups.
It has been difficult to test whether earlier detection and mobbing behavior in primates
actually reduces predation risk because few predation events have been observed in the wild
(Garber and Bicca-Marques, 2002). Thus, it has been difficult to determine whether individuals
in groups suffer lower rates of predation than solitary individuals or whether individuals in larger
groups have a lower risk of predation than individuals in smaller groups (Cheney and
Wrangham, 1987; Treves, 1999; Garber and Bicca-Marques, 2002).
Although it may be difficult to quantify predation risk in different sized groups, it is
possible to indirectly examine how predation influences behavior by examining how individuals
change their activity patterns in different social contexts. If individuals face significant predation
risks, they should engage in behaviors that help to reduce these risks and alter their behaviors in
response to actual or perceived changes in these risks over time, in different habitats, and in
different social contexts. Foraging behavior is one of the most important activities where there
would be an expected difference in an individual’s behavior in response to predation risk (Cords,
1990; Di Fiore, 2002). An individual’s choice as to how long to forage or how observant to be
while feeding as well as when and where to forage are all decisions that are likely to be affected
by its perceived risk of predation.
Observing when primates look up is one way of measuring their vigilance for predators
(Cords, 1990). Studies on arboreal primates living in Africa in mixed species groups show that
vigilance is increased in the single species group versus the mixed species group (Cords, 1990).
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In addition, a study of the associations between Diana monkeys (Cercopithecus diana) and red
colobus monkeys (Procolobus badius) shows that they associate together in polyspecific groups
during the peak of chimpanzee hunting season, during which the monkeys are the chimpanzees’
preferred prey and face high rates of predation (Noe and Bshary, 1997).
Other studies show that shared vigilance between individuals of the same group do not
necessarily benefit all individuals (Treves, 1998). Furthermore, Treves (1999) found no
differences in the spatial cohesion of group members or the vigilance levels of individuals
between individuals in monospecific versus polyspecific associations. These results have led
some to conclude that predation is not a strong selection pressure for shaping social behavior in
group living (Treves, 1999). Additionally, they call into question the presumed link between
predation rates and social structure (Cheney & Wrangham, 1987). Most studies, however, are
consistent with the hypothesis that predation influences group size, as they demonstrate a
negative relationship between actual predation rates and group size (Anderson 1986; Isbell,
1994) and a negative correlation between predation risk (as measured through declines in
vigilance behavior) and group size (Dunbar, 1988). These correlations indicate that predation is
indeed a strong selection pressure for group living in primates (Anderson, 1986; Dunbar, 1988;
Isbell, 1994; Hill & Lee, 1998; Boinski et al., 2000).
Infants and juveniles are likely to be at a greater risk of predation than are adults for a
variety of reasons. First, immature primates have smaller body sizes than adults, potentially
making them prey to a wider variety of predators (Janson, 1990; Janson and van Schaik, 1993).
Second, immature primates may have reduced vigilance as compared to adult individuals
because they have not yet learned to identify predators or they may not pay attention to potential
threats (Janson, 1990; Janson and van Schaik, 1993). Third, they may not yet have learned to

4
respond to the alarm calls made by adults or they do not know the proper responses (Seyfarth
and Cheney, 1986; Janson and van Schaik, 1993). One characteristic of all primates is that they
have slow life histories, and many behaviors are learned rather than innate; thus, they need
experience to become proficient at many activities including predator avoidance (Vick, 2008).
Given that immature animals are at higher risk of predation than adults, immature
animals should behave in ways that reduce their risks. It has been noted that juvenile nonhuman
primates are usually found in larger foraging parties, even if food competition is higher in these
larger groups (Janson, 1990; Janson and van Schaik, 1993). Janson and van Schaik suggest that
this is one way juveniles may reduce their risks (Janson, 1990; Janson and van Schaik, 1993).
Another possible risk reducing strategy for juveniles is their spatial position within a group.
Several studies show that juvenile primates stay at the core of the group and within close
proximity to other adult group members (Van Schaik and van Noordwijk, 1986).
Mothers may also change their vigilance behavior depending on the sex of their
offspring. Some studies found that mothers may invest more heavily in one sex as compared to
the other. The resource competition hypothesis predicts that a skewed sex ratio may evolve in
favor of the sex that does not compete for resources post weaning (Silk, 1983). In Ateles, males
stay in their natal group, while females emigrate to other groups, and there is evidence that
juvenile males receive more aggression than juvenile females (Fedigan and Baxter, 1984). In
another study it was found that during low habitat productivity when there was high post
weaning resource competition, spider monkeys limited the amount of non-dispersing males in
the group more than in areas of high habitat productivity (Chapman et al., 1989). As a result, it
is possible that mothers may be more vigilant toward their female offspring than their male
offspring.
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Spider Monkeys

Spider monkeys (genus Ateles) are one group of platyrrhines found in Central and South
America. There are three, or possibly four, species of spider monkeys currently recognized: A.
geoffroyi, A. belzebuth, A. paniscus, and possibly A. hybridus (Nieves et al., 2005; Collins,
2008). Ateles geoffroyi is found in Costa Rica and throughout Central America, it is also found
west of the Andes Mountains and along the west coast in South America (Collins, 2008). Spider
monkeys are one of the largest of the South American primates, weighing between 12-15 kg
(Zingeser, 1973). Males and females are similar in size and there is little to no sexual
dimorphism (Fleagle, 1999). They are primarily frugivores, but they also eat leaf buds, new
leaves, and flowers (Wallace, 2006).
Spider monkeys live in a fission-fusion organization very similar to chimpanzees (Cant,
1977; Symington, 1990; Chapman et al., 1995). Group sizes for Ateles geoffroyi range between
20 to 40 individuals (Shimooka et. al, 2008). Foraging groups may consist of one female or two
females and their dependent offspring or larger groups of individuals (of up to five individuals).
Whereas, group size in arboreal primates depends on a combination of within group feeding
competition and risk of predation (Terborgh and Janson, 1986), subgroup sizes in spider
monkeys appear to be determined primarily by the availability of food resources (Vick, 2008). It
has been reported that females with offspring tend to associate in smaller subgroups than females
without offspring (Chapman, 1990). Spider monkeys show patterns of social organization that
are sex-segregated, meaning that adult males often range with other adult males, and females,
especially females with infants, frequently forage alone or in small groups with other females
(Fedigan and Baxter, 1984).
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There are few studies that have examined the relationship between ateline primates and
their sensitivity to the risk of predation. Because of their larger size, spider monkeys may not be
as vulnerable to predators as smaller primates, but research shows that even larger primates are at
risk of predation (Isbell, 1994). Although predation on spider monkeys is rare (Cheney and
Wrangham 1987), spider monkeys, especially young spider monkeys, are vulnerable to predators
(Di Fiore 2002) as they are within the body limits of what is a standard prey size of several New
World raptors (Robinson 1994). Although there seems to be an absolute lower rate of predation
on arboreal primates as compared to terrestrial primates (Anderson 1986, Cheney and Wrangham
1987), arboreal primates are likely to be at higher risk of predation by raptors than terrestrial
primates (Cheney and Wrangham 1987). The risk for arboreal primates is greater in areas where
they are more exposed to predators, and thus, primates positioned close to the trunks of trees may
be at less risk than monkeys foraging on terminal branches (Isbell, 1994). Although rare,
infanticide by males has been documented in groups of spider monkeys (Gibson et al, 2007).
Thus, in some social situations, females may perceive males as potential predators of their
offspring.
The period of immaturity in spider monkeys is a time when young individuals prepare for
life as an adult. Compared to what is expected for a primate of their size, spider monkeys have a
slow life history (Chapman & Chapman, 1990; Eisenberg, 1976). This period includes many
challenges for a young individual. The first of which is avoiding predation. Spider monkey
infants are generally transported by their mothers into their second year of life, but individual
mothers vary as to how early in the juvenile period they begin to refuse to carry their infants.
Immatures also differ in age as to when they are willing to start crossing open spaces (Vick,
2008). For the first several months of life, infants are transported on the ventrum of their mother

7
and rely completely on her milk. Infants are nursed for at least 14 months and have been seen to
nibble on solid foods as early as 7.5 months (Vick, 2008). The rejection of nursing by the
mother can be observed as early as 14 months, but this usually begins in the second year of life
of the infant (Vick, 2008). Although the age at weaning substantially varies from one spider
monkey to another (Vick, 2008), it occurs between 24-36 months of age and most youngsters are
weaned by 2 years of age (Symington, 1987). The juvenile stage is considered to start from 6 to 8
months when they begin to ride on their mother’s back and begin to eat solid food. Around 12-15
months, juveniles begin to locomote independently (Van Roosmalen and Klein, 1988). The time
at which the juvenile stage ends happens slowly, and this time frame is different for each
individual, but usually lasts until 36-50 months of age. Even after weaning, offspring stay in
close proximity to their mother, up to 5 years of age. Females disperse from their natal group at
4 to 5 years of age (Fedigan and Baxter, 1984), whereas male offspring remain in their natal
group.
The interbirth intervals of spider monkeys range from 29 to 36 months (Symington,
1988). The gestation period of a spider monkey is between 7 and 7.5 months (Nunes and
Chapman, 1995), thus females may have an infant and an older juvenile by her over this time
frame. When mothers have a newborn and a juvenile nearby at the same time, they only nurse
the infant (Vick, 2008).

Research Questions

Hypothesis 1. Mothers in groups will be less vigilant than solitary mothers since they
perceive their infants to be at lower risk of predation.
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Null Hypothesis 1. A mother’s proximity to other adult group members has no effect on
her vigilance behavior.
In this study, I examined a female’s proximity to her offspring as a measure of her
vigilance behavior. I predicted that the proximity of a mother to her offspring will increase when
she is alone as compared to when she is in the presence of other individuals in the group.
Furthermore, if mothers who are being vigilant have less time to engage in other behaviors like
feeding, I predict that mothers forage less when alone than when with other group members.
Hypothesis 2. If there is a higher risk of predation for young infants than for juveniles,
then mothers will adjust protective behavior toward their offspring according to these risk levels.
Null hypothesis 2. Mothers show equal levels of protective behavior for their offspring
regardless of their age.
I predict that the proximity of mothers to their infants will be closer than their proximity
to their juveniles in all social contexts (while alone or while in a group). Furthermore, mothers
with infants will spend less time foraging than mothers with juveniles in all social contexts.
Hypothesis 3. If there is skewed sex ratio in favor of the sex that does not compete for
resources post weaning (in this case the females), then mothers will adjust their level of
investment accordingly with greater vigilance for female offspring than male offspring.
Null hypothesis 3. Mothers show equal levels of investment and protective behavior for
their offspring regardless of their sex.
I predict that the proximity of mothers to their female offspring will be closer than their
proximity to their male offspring in all social contexts (while alone or while in a group).

CHAPTER 2
METHODS

During June and July of 2010, a total of 343.25 hours were spent in the field, and 160 of
those hours were in contact with or sight of the focal group of spider monkeys. In that time, a
sum of 46.17 hours of instantaneous focal data (1662 sample points) were collected on 15
different females. I conducted this study at the El Zota Field Station in Costa Rica (10°57.6 N,
83°75.9’W (Pruetz & LaDuke, 2001), a tropical forest with 4,000 mm of rainfall annually
(Sanford et. al, 1994). A series of trails is well established at the site, and several species of
primates have been habituated and studied there, including the spider monkeys (Pruetz &
LaDuke, 2001). The primate community consists of three primate species: Ateles geoffroyi,
Alouatta palliata, and Cebus capucinus (Pruetz & LaDuke, 2001; Luckett et al, 2004). Potential
predators of spider monkeys are both terrestrial and aerial (Di Fiore, 2002) and may include large
snakes, eagles (crested eagles, hawk eagles), forest hawks, jaguars (Di Fiore, 2002; Shimooka et
al, 2008), and ground predators such as the tayra (Asensio, 2002).
I studied the adult females that had infants, juveniles or both in one group of the Pilón
community at the El Zota. Out of the three groups of spider monkey communities at El Zota, the
community members of Pilón are the most habituated (Rodrigues, 2007). The Pilón community
consists of about 30 individuals, (Rodrigues, 2014), a size that is consistent with the average
group sizes of spider monkeys in other areas (Di Fiore and Campbell, 2007).

Whenever possible, I chose females on a random schedule and followed them for as long
as possible in an attempt to obtain an equal number of observations of all dyads at different times
of the day. When focal animals were found, they were followed until visual contact was broken.
A follow was terminated if visual contact was broken for 15 minutes. At the beginning of each
focal I noted the date, identity of the focal, the time of day, the group type, the focal’s location in
the forest, and the specific individuals present if I could identify them. I used 2 minute point
sampling (Martin and Bateson, 1993) when observing the mother infant dyads using the
categories listed below. I also conducted 12 minute scan samples (Martin and Bateson, 1993)
that included the focal’s location in the forest and the identity of all other visible group members.
During the 2 minute samples I recorded the activity of the focal female, her proximity to
her infant/juvenile, and her nearest neighbor and their proximity. The female’s activities were
divided into categories of rest, travel, feed/forage, nonsocial play, and social behaviors. For
social behaviors I also included the initiator/recipient of the social interaction. Social behaviors
included nursing, grooming, ventral transport, dorsal transport, approach another conspecific,
and leave another conspecific. Additionally, all occurrence data were collected on infrequent
events such as aggression. I then further divided these aggressive encounters into the categories
of attack, chase, and threaten. The behavioral data were documented on write-in-the-rain check
sheets and entered into an excel spreadsheet at the end of each day.
As I did not know the exact ages of the infants or juveniles in the study population, I used
size, transport, and nursing to create categories for the immature spider monkeys. Immatures
that were still nursing and/or also being carried by the adult females most of the time were
considered infants (Vick, 2008). Specifically, I considered an animal an infant if it was less than
one quarter the size of the mother and if it was always transported by its mother when the mother
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traveled over distances greater than 10 meters. Infants sometimes went off on their own while
their mother was resting or foraging, but it was carried when she traveled between food patches
or locations greater than 10 meters. I considered an animal a juvenile if it was still nursing from
its mother but moved independently of its mother, and if it was between 1/4 and 1/3 the size of
the mother.

Statistical Analysis

The response variable in this study, offspring distance, was divided into six ordinal and
categorical levels. Therefore, to quantify the relationship between the offspring distance and the
other variables, a multinomial ordinal logistic regression model was performed using SAS
software. Analyses were completed by the Northern Illinois University Statistical Consulting
Services.

CHAPTER 3
RESULTS

Offspring Distance

If I look at the distances between females and their offspring across all group
composition types, I see that females were found frequently in each distance category (Figure 1).
The amount of time spent in CO or ‘in contact’, within 1 m, within 5 m, and within 10 m were
roughly equal, except for WP or ‘within party,’ which means that they were more than 10 m
apart but still within visual and/or audio contact. If I could not see both mother and infant, it was
considered OS or ‘out of sight.’
Infant Sex

I compared mother-offspring distance for male infants as compared to female infants and
found no significant differences (F=1.81, numerator df = 1, denominator df =1626, p=0.18).
Thus, infants of both sexes were combined in all other analyses.

Group Composition

Overall the females spent the largest part of their time alone (39.4%) or with only one
other adult (30.0%). They spent 12.1% of their time in a triad of three adult individuals and
18.5% in a group that consisted of more than three individuals. There are two different
breakdowns of group types. One of my focal subjects had both an infant and an older juvenile
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with her, so I classified the juvenile two ways: in his own separate category (Z) or simply as
another individual.

Offspring Distance

10.2%

22.0%

CO
1M

22.3%

5M
20.0%
22.7%

10 M
WP

Figure 1. Percentage of time females were in each distance category with their offspring,
regardless of composition type. CO= In Contact, WP= Within Party
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17.4%
1.7%

single
dyad

37.8%
11.7%

dyad Z
triad
triad Z

2.9%

triad +

28.5%

Figure 2. Percentage of time females were in each group composition category with their
offspring, regardless of offspring distance.

Group Composition and Offspring Distance

There are three different ways that I combined the data to determine if group composition
affected offspring distance. As described above, one of the focal females had an infant and an
older juvenile, while the rest of the focal females only had one offspring. Tables 1a-1c compare
the distance of mothers to their offspring with dyad Z and triad Z as separate categories, when
dyad Z and triad Z were combined with the regular dyad and triad groupings, and when dyad Z
and triad Z were eliminated from the data set. As can be seen from Tables 1a, 1b and 1c, the
differences among the three data sets are quite small. As a result, for all statistical analyses I will
present the results dyad Z subsumed under dyad and triad Z subsumed under triad (Table 1b,
Figure 3). Thus, only adults are counted in the subcategory size.
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Table 1a
Percentage of Records Mothers were in Different Group Compositions with Dyad Z and Triad Z
Categories Divided by Distance Category
CO

1m

10 m

5m

WP

OS

Single

17.50%

24.20%

23.10%

22.60%

10.60%

2.10%

Dyad

27.20%

13.30%

24.20%

21.50%

10.70%

3.20%

Triad

18.80%

23.90%

10.40%

27.10%

10.60%

1.60%

Triad +

25.60%

19.50%

20.10%

22.20%

8.50%

4.10%

Dyad Z

4.20%

8.30%

35.40%

12.50%

37.50%

2.10%

Triad Z

0%

13.30%

50.00%

23.30%

6.70%

6.70%

Table 1b
Percentage of Records Mothers were in Different Group Compositions with Dyad Z and Triad Z
subsumed into other dyad and triad category Divided by Distance Category
Single
Dyad
Triad
Triad +
Dyad Z
Triad Z

CO
17.5%
25.1%
16.2%
25.6%
-

1m
24.2%
12.8%
22.5%
19.5%
-

5m
22.6%
20.7%
26.6%
22.2%
-

10 m
23.1%
25.2%
22.5%
20.1%
-

WP
10.6%
13.2%
9.9%
8.5%
-

OS
2.1%
3.1%
2.3%
4.1%
-

Table 1c
Percentage of Records Mothers Were in Different Group Compositions with Dyad Z and Triad Z
Categories Eliminated from the Data Set Divided by Distance Category
CO

1m

5m

10 m

WP

OS

Single

17.5%

24.2%

22.6%

23.1%

10.6%

2.1%

Dyad

27.2%

13.3%

21.5%

24.2%

10.7%

3.2%

Triad

18.8%

24.0%

27.1%

18.2%

10.4%

1.6%

Triad +

25.6%

19.5%

22.2%

20.1%

8.5%

4.1%

Dyad Z

-

-

-

-

-

-

Triad Z

-

-

-

-

-

-
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30.00%

25.00%

20.00%
single
dyad

15.00%

triad
triad +

10.00%

5.00%

0.00%
CO

1 M 5 M 10 M WP OS

Figure 3. Distance of mothers to their infants while in different group composition types. CO=
in contact, WP = within party, OS = out of sight

Composition Type and Offspring Distance
If we use the “single” category as our baseline, we can determine if mother-offspring
distances are statistically different by composition type (Table 2). We find that mother-infant
distances were significantly different for all composition types. As you can see from Figure 3,
mothers who are alone or in triads were less frequently in contact with their infant than mothers
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in dyads or groups larger than three individuals. Mothers who were alone were most frequently
within 1 m of infants. Mothers in triads most frequently had their infants at 5 m, whereas
mothers in dyads most frequently had their infants at 10 m. These patterns of mother-infant
distances are not as predicted, although there are significant differences by group size, mothers
are not staying in closer proximity while alone or in smaller groups than in larger groups.
Table 2
Statistical Results for Comparisons of Mother-Infant Distances Across Composition Types
Category

Estimate

Single vs dyad
Single vs triad
Single vs triad +

0.4333
0.5826
0.4920

Standard
Error
0.1320
0.1640
0.1726

DF

T value

Probability

1629
1629
1629

3.28
3.55
2.87

0.001
0.0004
0.0042

Activity Budget

The activity budget (Figure 4) of mothers was dominated by Feeding/Foraging (34.0%),
followed by Resting (31.5%), and then Traveling (23.4%). The females spent 6.3% of the day in
Mother Transport (including dorsal transport and bridging), 4.0% doing Social Behaviors
(Groom, Nurse, and Social Play) and 1% in Other.
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Activity Budget
4.0%

1.0%

6.3%

34.0%
23.4%

FF
RE
TR
MT
SB
OT

31.5%

Figure 4. Activity budget for the female focal animals. FF= feed/forage; RE= rest, TR=travel,
MT=maternal transport, SB=social behaviors, OT= other
I also examined whether a mother’s activity influenced the distance she was from her
offspring. Figure 5 shows a breakdown of mother-infant distance by activity. As you can see
from Figure 5, all records of both maternal transport (MT) and social behaviors (SB) were in
contact (CO). While MT by definition requires contact between mother and infant, social
behaviors do not. Maternal transport behaviors included dorsal transport, ventral transport, and
bridging. Social behaviors included grooming, nursing, and social play. After maternal
transport and social behaviors, rest (RE) was the activity with the most contact records (30 %).
Mothers and their infants were found to have very similar proximity patterns to each other during
traveling and feeding/foraging; during these activities, the mother-offspring dyads spent most of
their time within 5 m of each other (32%) and were less frequently 10 m apart from each other
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(27% for FF and 29% for TR), within 1 m of each other (23% of their time), or within party
(12% of the time). For both of those activities there was very little time spent in contact. For
travel, this low frequency of contact results from my categorization of maternal transport
separately from the overall travel category. If we combine maternal transport with other forms
of travel, we see that mothers are traveling with their infants during 29.7% of their total travel.
If we use rest as the baseline category, we can test to see whether there are significant
differences between mother-infant distances across different activities. As we can see in Table 3,
mother-infant distances were significantly different during feeding/foraging and traveling as
compared to resting. For both feeding/foraging and traveling, the overall distances were greater
than the baseline category of rest. Mothers at rest were more commonly in contact with their
infants than when they were traveling or feeding. Mothers were always in contact with infants
during maternal transport and social behaviors.
Activity x Offspring Distance
120.00%
100.00%
CO

80.00%

1M
60.00%

5M
10 M

40.00%

WP

20.00%
0.00%
FF

RE

TR

MT

SB

OT

Figure 5. Percentage of records of females across all offspring distances during different
activities. The distance of mothers to their infants while in engaged in different activities. FF =
Feed/Forage, RE = Resting, TR = Travel, MT = Maternal Transport, SB = Social Behaviors, OT
= Out of Sight
Table 3
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Statistical Results for Comparisons of Mother-Infant Distances across Activity Types.
Category

Estimate

Standard

DF

t Value

Probability

Error
RE vs FF

1.0994

0.1204

1629

9.13

<0.0001

RE vs MT

-10.2206

10.8736

1629

-0.94

0.3474

RE vs OT

1.6087

0.5036

1629

3.19

0.0014

RE vs SB

-10.8193

11.6224

1629

-0.93

0.3520

RE Vs TR

0.9659

0.1308

1629

7.38

<0.0001

Activity Budget and Group Composition

I also examined the amount of time that females spent in each different party size
composition while engaged in the different activities: rest, feed/forage, and travel. Figure 6
shows the breakdown of mother activities by group composition. As you can see from Figure 6,
when feeding/foraging and traveling, the mothers were most often on their own (44.9% for FF
and 36.8% for TR). For feeding/foraging, mothers spent considerably more time on their own
than in any other group composition: 24.6% in dyads, 19.2% in triads +, and 11.2% in triads.
The time spent traveling, although mostly done while on their own (36.8%), was done almost as
often in a dyad group (30.0%), and much less in a triad grouping (17.4%) or triad + grouping
(15.8%). While resting, the mothers were most frequently found in dyads (36.6%), closely
followed by being on their own (33.1%), and also much less frequently in the triad (13.3%) and
triad + (17.0%) groupings.
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Figure 6. Percentages of records of females in different group compositions during different
activities. The activities of mothers while in different group composition types.

Group Composition and Offspring Distance Separated by Different Activities

Finally, I looked at how group size and offspring distance varied when examined
separately by each of the main activities that the mother engaged in. These main three activities
were feeding/foraging, resting, and traveling. The reason for doing this is to see if there could be
a clearer connection between the patterns of offspring distances and subgroup formations
depending on the specific activities of the spider monkeys.
The first activity was feeding/foraging, as it is the activity that took up the largest portion
of the focals’ activity budget. Figure 7 shows the group composition compared to the offspring
distance during feeding/foraging. Females who were feeding were most often alone or in dyads
with their offspring and most likely to be within 5 to 10 m away from each other. This activity
had very little time spent in contact, between 2.8% - 10.4 % for all group types.
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Figure 7. Mother-infant distances in different group compostions during feeding/foraging.
Next, I looked at how the distances between mothers and infants were affected by various
group compositions only during the activity of resting. Compared with the other activities,
resting allowed for the closest distances in the largest groups, as compared to feeding/foraging
and travel. During resting there was a lot more contact instances than in traveling or feeding and
foraging. This in contact activity was also happening in larger subgroups. Possibly because the
spider monkeys were not competing for food, they could both be within closer proximities and in
the presence of more conspecifics in larger subgroups.
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Figure 8. Mother-infant distances in different group compostions during resting.
Finally, I looked at the distances between mothers and their infants with the different
sized subgroups they were in while they were traveling. There are two different sets of data sets
for this. Figure 9 shows what the data look like if I do not include maternal transport behaviors
that consist of ventral transport, dorsal transport, and bridging. Figure 10 shows what the data
look like if I do include maternal transport. Because maternal transport is a contact behavior, the
two different charts look very distinct.
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Figure 9. Mother-infant distances in different group compostions during traveling (not including
maternal transport)

Figure 10. Mother-infant distances in different group compostions during traveling (including
maternal transport)

CHAPTER 4
DISCUSSION

In this study, I present data on individual maternal variation in Ateles geoffroyi while in
different group compositions in a changing fission-fusion social structure. Few studies have
examined the risk of predation on immature individuals in ateline primates. In this study, I
examined proximity as a proxy measure of predation risk for ateline infants and their mothers to
determine if their perceived risk changed while interacting in different sized groups. My data
suggest that there is considerable variation in a mother’s proximity to her infant regardless of
party size, suggesting that a mother’s distance to her infant is not principally driven by group
size. Furthermore, mothers who were alone spent more time feeding and foraging than they did
while in groups, the opposite of what was predicted if vigilance interferes with feeding. These
results suggest that the mothers’ vigilance behaviors are not impacting her ability to find and
process foods or that feeding and foraging are more important than being vigilant..

Offspring Distance

My data show that the distances between females and their offspring were highly variable
across all group compositions. Females were found in close, medium, and far range (all of the
distance categories) in all subgroup sizes, except for when they were ‘within party’ (WP).
Mothers who were WP were greater than 10 m away from their offspring but were still within
visual/audio contact of them. Mothers were found WP only 10.2 % of the time, thus generally
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infant/juvenile offspring and their mothers are within 10 m of each other. If I had separated
juveniles from infants, my results may have been different. It is very likely that it was the
juveniles and not the infants who were >10 m apart from their mothers, as juveniles are mobile
and more independent than infants. Therefore, juveniles may increase their distance from their
mothers but decrease their distance to other group members. In this way, although they may not
be under their mother’s protection, they may receive anti-predation benefits by associating with
other juveniles and adults.

Infant Sex

I found no significant differences between the distances of female young to their mothers
as compared to male young and their mothers. These results indicate that mothers are not treating
their infants differently in terms of proximity maintenance. Other studies have also found no
differences between the maternal care given to male and female offspring (Rodrigues, 2014;
Vick, 2008)

Group Composition

Spider monkeys live in a social system characterized by high fission-fusion dynamics. In
addition to living in a fission-fusion society, spider monkeys are also described as being sexsegregated, with the females being the “less social” sex (Fedigan and Baxter, 1984). The females
in my study followed this trend. Overall the females spent the largest part of their time alone
(39.4%) or with only one other adult (30.0%). They spent 12.1% of their time in a triad of three
adult individuals and 18.5% in a group that consisted of more than three individuals. Females
may be able to spend most of their time alone or in pairs because of their large body size, which
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may result in a relatively low risk of predation. Thus, they may choose to be in smaller groups to
avoid feeding competition with group members (Aureli and Schaffner, 2008). As my study only
lasted for two months, my data are limited to one season. It is possible therefore, that if I
collected data over the course of an entire year, there would have been variation in the amount of
time the females spend in larger and smaller groups depending on the availability of food during
a particular season.
In this study, I did not compare mothers to females without infants or conduct
comparisons of females in different reproductive stages. Shimooka (2015) found that lactating
females were the most gregarious as compared to pregnant females, possibly cycling females,
and cycling females (Shimooka 2015). Shimooka posed two possible explanations for these
patterns. Lactating females may have chosen to join larger subgroups to secure the protection of
other individuals against infanticide and predation. Alternatively, females with offspring may
seek out larger subgroups to allow their offspring the chance to have playmates and to socialize
their offspring (Shimooka 2015). Another possible explanation posed for the gregariousness of
lactating female spider monkeys is that the juveniles are attracting other females; because
females are interested in offspring, females without offspring may seek out mothers to spend
time with infants (Maestripieri, 1994). In other primate species it has been shown that females
may exchange grooming or other benefits to mothers in exchange for access to their offspring
(Maestripieri, 1994, Henzi and Barrett, 2002). In A. geoffroyi, there is evidence that females with
infants embrace more often than females without (Fedigan and Baxter, 1984; Schaffner and
Aureli, 2005), supporting the idea that infants may be social magnets.
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Group Composition and Offspring Distance

My data indicate that although there are significant differences in maternal-offspring
distance by group size, mothers are not staying in closer proximity to their offspring while alone
or in smaller groups compared to when they are in larger groups. Mothers who are alone or in
triads were less frequently in contact with their infants than mothers in dyads or groups that had
more than three individuals.
Although the results do not show the linear pattern between maternal-offspring distance
and group size that I expected to see based on the potential anti-predation benefits of large
groups, these results may indicate that other factors such as intragroup competition and
aggression also shape mother-infant interactions For example, mothers may keep their infants
closest when they are alone (within 1 m of infants) because this is when they are most vulnerable
to predation as there are no other adults nearby to be vigilant. However, while in triads, mothers
may keep infants close (within 5 m) for a different reasons: infants in larger subgroups may be
harassed by other adults or older juveniles.
One problem with this interpretation is that studies have shown that only about 1% of all
female-female interactions are aggressive in A. geoffroyi (Fedigan and Baxter, 1984). Other
research also reports aggression between females as being rare, except during periods when sub
adult females are attempting to immigrate into the group (Asensio et al, 2008). Furthermore,
there is mixed evidence for dominance hierarchies among females; thus, it is not clear that there
would be aggression associated with establishing or maintaining dominance ranks (Chapman,
1990; Symingtion, 1988; Fedigan & Baxter, 1984).
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Although the risk of harassment from other females may be low, there is also the risk of
infanticide in subgroups containing males. Infanticide has been documented by males in groups
of spider monkeys (Gibson et al, 2007). Thus, females in subgroups with adult males may fear
for their infants’ safety if these males are not the sires of their offspring.
Female-female dyads, therefore, may be the safest subgroup size for an offspring. Indeed
my data show that mothers in a subgroup with one female partner have the greatest distances
between themselves and their offspring. This may be because being with one other female
provides help being vigilant for predators but little feeding competition or risk of aggression as
compared to when there are more adults in her party.
It is also possible that these females in dyads leave their infants at greater distances
because they travel with the same females repeatedly. Females may be less protective of
offspring when they are with more familiar females than with less familiar females. Most
research on female bonds has been done in female-philopatric matrilineal primates that are
distinguished by female dominance hierarchies and strong bonds among females (Wrangham,
1980; Van Schaik, 1989). However, there is some evidence that spider monkeys, although
generally considered to have weak female social bonds, do form preferential affiliations with
certain females. One study, using both behavioral and hormonal evidence, found that certain
dyads showed strong bonds and also suggested that they relied on these bonds to cope with stress
(Rodrigues, 2015).

Activity Budget

The activity budget of spider monkey females in this study was dominated by
feeding/foraging (34.0%), followed by resting (31.5%), and then traveling (23.4%). The females
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spent 6.3% of the day in maternal transport (including dorsal transport and bridging), 4.0%
engaged in social behaviors (groom, nurse, and social play), and 1% of the time involved in other
activities. This was comparable to other studies done at the El Zota Biological Research Station:
for example, Rodrigues (2015) calculated the activity budget of spider monkeys at this site to be:
33.53 % feeding, 23% resting, 29.80% traveling, 6.20 % socializing, and 7.54% in other
(Rodrigues, 2013).

Activity Budget and Offspring Distance
I examined the breakdown of how a mother’s activity influenced her distance from her
offspring. Not surprisingly, mothers were in contact with their offspring during all records of
maternal transport and social behaviors, which included grooming of infants. During (30%) of
resting activity, mothers were also in contact with their offspring, presumably because there was
no cost to the mother for being in contact with their infants at rest. Grooming usually occurred
during resting bouts, so mothers were close to their infants during grooming. Infants also
explored, investigated, and played with other animals while their mothers rested, which explains
why mothers and infants were >5 m away from each other during this activity.
Mothers and their infants were found to have very similar proximity patterns to each
other during traveling and feeding/foraging. During these activities, the mother-offspring dyads
spent most of their time within 5 m of each other (32%) and were less frequently 10 m apart
from each other (27% for FF and 29% for TR), within 1 m of each other (23% of their time), or
within party (12% of the time). For both traveling and feeding/foraging activities mothers and
offspring spent very little time in contact. Juveniles may not obtain sufficient nutrients when they
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are just learning to forage. Therefore, adults may allow their offspring to feed in close proximity
to them to increase their access to food (Janson, 1985; Pereira, 1988).

Activity Budget and Group Composition

While examining the amount of time females spent in different party sizes while
engaging in different activities (rest, feed/forage, and travel), some patterns emerged. Females
were more often alone while feeding/foraging and traveling (44.9% for Feed/Forage and 36.8%
for Travel). The best explanation for this is feeding competition. One of the biggest benefits of
living in a fission-fusion society is that there is a significant decrease in scramble feeding
competition between members of one group (van Schaik & van Hooff 1983, Asensio et al 2008,
Aureli & Schaffner 2008). This is achieved by fissioning into smaller groups during
feeding/foraging and traveling to look for food. Although females generally traveled alone
(36.8%), they also commonly traveled in dyads (30.0%), but seldom in triad subgroups (17.4%)
or groups of four or more (15.8%). While resting, the mothers were most frequently found in
dyads (36.6%), or alone (33.1%), and also much less frequently in the triad (13.3%) and triad +
(17.0%) groupings.

Group Composition and Offspring Distance Separated by Different Activities

I predicted that mothers would be closer to their juveniles during risky activities where
predation risk would be higher than at other times. For example, when a primate is resting under
cover, it may be at less risk of predation than when it is foraging for food on terminal branches
and exposed to aerial attacks.
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In fact, my results do not fit my expectations: mother-infant distances were not closer
during feeding as compared to resting. Instead, females who were feeding were most often in
dyads and their offspring were most likely between 5 and 10 m away from them. These feeding
arrangements are consistent with the patterns that we would expect if the mothers are trying to
avoid contest feeding competition by forming small groups or going off on their own to forage
for food. Mothers may distance themselves from their offspring to avoid feeding competition, a
factor that appears to be more important than remaining close to provide their offspring
protection from predators There is evidence that juveniles may avoid predation risk by foraging
in areas with more foliage cover (Stone 2007). As I did not measure foliage density in my study,
I cannot determine whether the juveniles in this population also engaged in this behavior to
reduce their predation risk.

Conclusion

There are many ways in which future studies could expand on this project. First, it would
be interesting to measure the microhabitat structure and also to measure the levels of leaf cover
to determine possible perceived aerial predation risk. In this way, it would be possible to
determine when females are in a more or less dangerous habitat. Females may act differently
while foraging on terminal branches as opposed to dense thick foliage, or they may stay closer to
their infant when they are alone and foraging in open habitat than while they are in dense foliage.
In addition, proximity may not be the best indicator of how protective a mother is of her infant.
For example, it is possible that being just close enough for them to hear an alarm call would be
sufficient. Offspring may be able to respond to this and do not necessarily need to be right next
to their mother to be protected. Therefore, future studies could use playback experiments or
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models of predators to test how well mothers are able to protect their infants through
vocalizations. For example, a study on baboon infants and mothers used playback experience to
see how infants of different ages responded to both contact calls and alarm calls. They found
that by six months, the infants were able to distinguish between different varieties of both contact
calls and alarm calls and responded more strongly to the contact calls of their mothers than any
other member of their group (Fischer et al., 2000).
Given the small sample size for this analysis, the results should be viewed as preliminary.
It appears that feeding competition rather than predation is the primary factor determining
mother-infant distances in spider monkeys. Others have also suggested that predation risk may
be low. For example, a study by Garber and J.C. Bicca-Marques (2002) on single- and mixedspecies tamarin troops postulated that predation pressure may not be the driving force in the
evolution of troop size. My data indicate that this hypothesis warrants further investigation for
explaining spider monkey social organization, and for other primate species.
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